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TRI-STATE DELAY-TYPED PHASE LOCK
LOOP

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a tri-state delay-typed
phase lock loop, more particularly, to the phase lock loop
which automatically judges the phase and frequency of an
input reference signal so as to synchronously generate an
output synchronous signal, whereas the frequency and the
phase of the output synchronous signal are 1dentical to those
of the mput reference signal.

2. Description of the Prior Arts

The presently known digital phase lock loops are mostly
serving the application for the communication signal process-
ing, which 1s emphasized as a small signal usage, and vulner-
able for 1ts noisy mnputs.

When a conventional digital phase lock loop 1s employed,
the control method thereot 1s to use phase frequency detector
to detect 1f the reference signal 1s set to be positive edge
triggering or negative edge triggering so as to carry out the
state change. Therefore, when said phase lock loop enters a
steady state, 1f the reference signal 1s affected by exterior
influences so as to cause the phase detector malfunction,
correspondingly, the output synchronous signal generated by
the phase lock loop will, 1n accordance with the malfunction,
change its present state. The inevitable 1ssue for avoiding the
influence can be addressed by skilled person as the conven-
tional digital phase lock loop locks its loop by using shiit
registers and counters for counting and generating a control
signal, and the direction for counting and shifting follows the
positive edge triggering and negative edge triggering after
comparison with reference signal and synchronous signal to
change the shifting direction or up-and-down signal, and
there lacks a judge mechanism to suppress the malfunction
due to the reference signal affected by exterior influence.

The conventional delay-typed phase lock loop, as long as
its control delay umt i1s concerned, can be categorized as
digital-typed, analog-typed, and digital-and-analog mixed-
signal typed. For the digital-typed PLL, the control signal 1s
stored 1n the registers, hence, when the circuit enters a sleep
mode or 1s devoid of input signal, the signals recorded by said
PLL will not disappear, alternatively, when the circuit
restarts, said digital-typed PLL can achieve a locking state
quickly. Various digital-typed PLLs are advantageous at fast
locking, high process/supplying voltage tolerance, and more
obvious while the process advances. However, since 1ts delay
1s digitally controlled, the phase skew and jitter at locking
state are getting worse while being compared with the con-
ventional analog-typed PLL. In a digital-typed PLL a fixed
byte of registers are applied, and 1ts phase error 1s equivalent
to a delay time that a delay unit can provide. If the phase skew
and jitter are to be reduced, then the delay time that a delay
unit can provide should be reduced, correspondingly, an oper-
able frequency range, which a PLL can operate, 1s reduced.
An 1deal digital-typed PLL not only to be provided with a
mimmum phase skew and jitter, but also a maximum operable
frequency range, however, 1t cannot be achieved within a
limited die size, since the locking time 1s proportional to the
counting of delay units and the wider the operating frequency
range 1s, the longer its locking duration 1s needed.

Accordingly, 1n view of the above drawbacks, it 1s an
imperative that a tri-state delay-typed PLL, which automati-
cally adjusts the phase and frequency of the mput reference
signal and simultaneously generates an output synchronous
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2

signal 1dentical to the input reference signal in their frequen-
cies and phases, 1s designed so as to solve the drawbacks as
the foregoing.

SUMMARY OF THE INVENTION

In view of the disadvantages of prior art, the primary object
ol the present invention relates to a tri-state delay-typed PLL,
which automatically adjusts the phase and frequency of the
input reference signal and simultaneously generates an output
synchronous signal 1dentical to the mput reference signal 1n
their frequencies and phases.

According to one aspect of the present mvention, said
tri-state delay-typed PLL, comprises:

a phase and frequency detector, for recerving an input
reference signal, an output synchronous feedback sig-
nal, and a system sampling signal so as to obtain a first
sampling value and a second sampling value according,
to said input reference signal, said output synchronous
feedback signal and system sampling signal;

a mode detector, coupled to said phase and frequency
detector, for recewving said first sampling value, said
second sampling value, a previously sampling operating,
mode signal and said system sampling signal so as to
obtain a positive edge tracking and recording counter
value, a negative edge tracking and recording counter
value, and a present sampling operating mode signal;

a first sampling delay unit, coupled to said mode detector,
for receiving said present sampling operating mode sig-
nal so as to obtain the previously sampling operating
mode signal;

a mode selector, coupled to said mode detector, for recerv-
ing said positive edge tracking and recording counter
value, said negative edge tracking and recording counter
value, and said present sampling operating mode signal
sO as to obtain a present operating mode record value;

a plurality of recording counters, respectively coupled to
said mode detector and said mode selector, for receiving,
said present operating mode record value, said present
sampling operating mode signal and said system sam-
pling signal so as to obtain an output synchronous sig-
nal;

a second sampling delay unit, coupled to said counters, for
receiving said output synchronous signal so as to obtain
said output synchronous feedback signal; and

a phase and frequency calculator, coupled to said mode
detector, for recerving said positive edge tracking and
recording counter value, said negative edge tracking and
recording counter value and said present sampling oper-
ating mode signal so as to obtain an angular frequency
signal and a phase signal.

According to another aspect of the present invention, one
skilled 1n the art can automatically adjust the phase and fre-
quency of the input reference signal, and synchronously gen-
erate an output synchronous signal 1dentical to an mput ret-
erence signal 1n respect to their frequency and phase. The
present invention can be also applied to the synchronous
signal for frequency and phase detection of communication
fields, optical ruler positioning transtormation, DC blushless
motor driver phase detection, and synchronization of the fre-
quency and phase on grid-type power conditioner.

BRIEF DESCRIPTION OF THE DRAWINGS

The present mvention will become readily understood
from the detailed description given herein below and the
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accompanying drawings which are given by way of 1llustra-
tion only, and thus are not limitative of the present invention
and wherein:

FIG. 1 relates to a systematic view of a preferred embodi-
ment according to the present invention;

FI1G. 2 relates to a block diagram of a phase and frequency
detector according to the present invention;

FIG. 3 relates to a sampling wavelorm of a phase and
frequency detector according to the present invention;

FIG. 4(A)~4(C) relate to a relation diagram between the
input reference signal and the output synchronous signal
while the PLL 1n the present invention 1s operating in the
positive tracking amending state;

FIG. 4(D)~4(F) relate to a relation diagram between the
input reference signal and the output synchronous signal
while the PLL 1n the present imnvention 1s operating in the
negative tracking amending state; and

FIGS. 5(A) and 5(B) relate to waveform plot according to
the present mvention being devoid of the mput reference
signal.

FI1G. 6 relates to the edge tracking amending states 1n the
present invention;

DESCRIPTION OF THE EXEMPLARY
EMBODIMENTS

The following descriptions are of exemplary embodiments
only, and are not intended to limit the scope, applicability, or
configuration of the invention 1n any way. Rather, the follow-
ing description provides a convenient illustration for imple-
menting exemplary embodiments of the mvention. Various
changes to the described embodiments may be made 1n the
function and arrangement of the elements described. For your
esteemed members of reviewing committee to further under-
stand and recognize the fulfilled functions and structural char-
acteristics of the mvention, several exemplary embodiments
cooperating with detailed description are presented as the
follows.

Please refer to FI1G. 1, which relates to a systematic view of
the embodiment of the present invention. The present inven-
tion relates to a tri-state delay-typed PLL 1, comprises: a
phase and frequency detector 2, for recerving an input refer-
ence signal r*(k), an output synchronous feedback signal
r(k—-1), and a system sampling signal T(k) so as to obtain a
first sampling value X1(%) and a second sampling value X2(k%)
according to said input reference signal r*(k), said output
synchronous feedback signal r(k—-1) and system sampling
signal T(k); a mode detector 3, coupled to said phase and
frequency detector 2, for recerving said first sampling value
X1(k), said second sampling value X2(k), a previously sam-
pling operating mode signal X3(%) and said system sampling,
signal T(k) so as to obtain a positive edge tracking and record-
ing counter value Timerl(k), a negative edge tracking and
recording counter value Timer2(k), and a present sampling,
operating mode signal Z{k); a first sampling delay unit 4,
coupled to said mode detector 3, for recerving said present
sampling operating mode signal Z(k) so as to obtain the
previously sampling operating mode signal X3(k); a mode
selector 5, coupled to said mode detector 3, for recerving said
positive edge tracking and recording counter value Timerl
(k), said negative edge tracking and recording counter value
Timer2(k), and said present sampling operating mode signal
Z.(K) so as to obtain a present operating mode record value
Timer3(k); generally speaking, the “mode” referred 1n the
“mode selector”, comprises a positive edge tracking amend-
ing state, a positive edge ahead tracking state, a positive edge
lagging tracking state, a positive edge 1nitial state, a positive
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4

edge ending state, a negative edge tracking amending state, a
negative edge ahead tracking state, a negative edge lagging
tracking state, a negative edge 1nitial state and a negative edge
ending state; a plurality of counters 6, respectively coupled to
said mode detector 3 and said mode selector 5, for receiving
said present operating mode record value Timer3(%), said
present sampling operating mode signal Z(k) and said system
sampling signal T(k) so as to obtain an output synchronous
signal r(k); when said mode selector 53’s mode 1s set to be the
positive edge ahead tracking state, the values of said a plural-
ity of counters 6 1s decreased by 1; when said mode selector
5’s mode 1s set to be the positive edge lagging tracking state,
the values of said a plurality of counters 6 1s increased by 1;
when said mode selector 5’s mode 1s set to be the negative
edge ahead tracking state, the values of said a plurality of
counters 6 1s increased by 1; and when said mode selector 5°s
mode 1s set to be the negative edge lagging tracking state, the
values of said a plurality of counters 6 1s decreased by 1;
wherein the way to increase or decrease the value 1s consist-
ing of fuzzy control, polynomial functions, or exponential
function but not limited thereto, if one of said a plurality of
counters stops counting, logic 1 1s outputted, and 11 another
one of said a plurality of counters stops counting, logic O 1s
outputted; a second sampling delay unit 7, coupled to said
counters 6, for recerving said output synchronous signal r(k)
so as to obtain said output synchronous feedback signal r(k—
1); and a phase and frequency calculator 8, coupled to said
mode detector 3, for recetving said positive edge tracking and
recording counter value Timerl(k), said negative edge track-
ing and recording counter value Timer2(k) and said present
sampling operating mode signal Z(Kk) so as to obtain an angu-
lar frequency signal w(%) and a phase signal 0(k).

Please refer to FIG. 6 as follows, which relates to a logic
judge table for state judgment of the present ivention.
Hereby the present invention categorizes a reference signal
into the group of positive edge tracking amending state and
negative edge tracking amending state, and these two states
are respectively referring to a positive tracking and recording
counter value Timer1(%) and a negative tracking and record-
ing counter value Timer2(%) so as to output the counting time
of logic “1” and “0”, meanwhile, a three-bit state variable 1s
utilized to demonstrate the functionality of the present inven-
tion. As a result, the present invention can be categorized into
8 states, which are: an 1mitial state (000 and 111), an ending
state (011 and 100), an ahead tracking state (001 and 010),
and a lagging tracking state (101 and 110). While the third bat
of the state variable 1s 0, 1t means that the PLL 1n the present
invention 1s 1n the positive tracking amending state; other-
wise, it is in the negative tracking amending state. And the 27*¢
bit and the 1* bit can be obtained by the logic values corre-
sponding to input reference signal r*(k) and output synchro-
nous feedback signal r(k-1) feed-backed by the phase and
frequency detector 2.

Atthe beginning, a positive edge tracking amending state 1s
illustrated for the action in the present invention. At the mitial
stage, the 1mitial state of the present mvention 1s set to be
“0007, at this time, a phase and frequency detector 2 1s used to
judge the logic values for said inputreference signal r*(k) and
said mput synchronous feedback signal r(k-1). When the
state variable 1n the present mvention 1s “000”, the edge
tracking and recording counter value Timerl(k) 1s unaltered.
When the state variable 1n the present mnvention 1s switched
from “000” to “010”, said output synchronous feedback sig-
nal r(k—1) 1s lagging behind said imnput reference signal r*(k)
thus the positive edge tracking and recording counter value
Timerl (k) 1s increased. When the state variable 1n the present
invention switched from “000” to be “001”, said output syn-
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chronous feedback signal r(k-1) 1s leading ahead said input
reference signal r*(k) thus the positive edge tracking and
recording counter value Timerl(k) 1s decreased. When the
state variable 1n the present invention switched from “000” to
be “0117, the state values represented by said output synchro-
nous feedback signal r(k-1) and said input reference signal
r*(k) are changed simultaneously, it means positive edge
tracking control 1s completed, meanwhile, the state of the
present invention switches from the ending state of the posi-

tive edge tracking amending state to the mitial state “111” of

the negative edge amending state. Stmilar to the functionality
related to the positive edge tracking, the phase and frequency
detector 2 1s used to judge the logic value corresponding to the
input reference signal r*(k) and the output synchronous feed-
back signal r(k—1), exemplarily, while the present invention 1s
in the mtial state “1117, then the negative edge tracking
counting record Timer2(%) 1s unaltered. When the state vari-
able of the present invention switches from “111” to 1017,
the output synchronous feedback signal r(k-1) 1s lagging
behind the input reference signal r*(k), meanwhile, the nega-
tive edge tracking record Timer2(k) 1s increased by his value.
When the state vaniable of the present invention switches
from *“111” to *“110”, the output synchronous feedback signal
r(k—1)1s leading ahead the input reference signal r*(k), mean-
while, the negative edge tracking record Timer2(k) 1s
decreased by his value. When the state variable of the present
invention switches from “111” to “100”, the logic values
represented by the output synchronous feedback signal r(k—

or(K) ==
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1) and the mput reference signal r*(k) are altered simulta-
neously, meanwhile, the negative edge tracking record
Timer2(k) 1s increased by his value completely, thus, the
present invention switches from the ending state of the nega-
tive edge tracking amending state to the initial state “000” of
the positive edge tracking amending state.

FIG. 2 and FIG. 3 relate to a block diagram of the phase and
frequency detector and a sampling wavetform of the phase and
frequency detector disclosed 1n the present invention. The
phase and frequency detector 2 feedbacks the logic variation
between the input reference signal r*(k) and the output syn-
chronous feedback signal r(k—1) to the mode detector 3 so as
to obtain the variation of phase and frequency of the input
reference signal r*(k). The data formality of the mput refer-
ence signal r*(k) 1s a logic signal, ranged within “0”” and “1”.
And the output synchronous feedback signal r(k—1) 1s a signal
for which the output synchronous signal r(k) 1s processed by
the second sampling delay unit 7, and 1ts data formality 1s a
logic signal, ranged within “0” and “1”. For the system sam-
pling signal T(k), 1its sampling period 1s 10 ns at sampling
frequency 100 MHz. The first sampling value X1(%) and the
second sampling value X2(k) are the outcomes after sampling
the mput reference r*(k) and the output synchronous feed-

back signal r(k—1). For the mutual relationships between the
alforementioned signals, can be expressed 1n the mathematic
formula as follows:

at sampling time

otherwise

X1(k) = r(k — 1) =0r(K)

Xo(k) = r"(k) = or(K)

wherein, o7 (K) = T(k)

X3(K) = <

4 [}_}
1,
1, X3(K - DX (K)X1(K) = lxx

X3 (K — DXA(K)X((K) = Oxx
X3(K — DX2(K)X((K) =011

X3(K — DXH(K)X((K) = 100

x: don't care

X3(K) = X3(K - )X, X1 + X3(K — 1) X2(K) X, (K)

Timerl (K) = «

{

Timerl (K — 1),
Timerl(K —-1)+1,

(X2(K) XOR X,(K))=0
X>(K)=0 and X, (K) = 1
X>(K)=1 and X{(K) =0,

Timerl(K —1)— 1,

when X3(K —1) =0

Timer2(K) = «

{

Timer2(K — 1),
Timer2(K — 1) + 1,

(X2(K) XOR X (K)) =10
X>(K)=1 and X{(K) =0
X>(K)=0 and X{(K) = 1,

Timer(K — 1) — 1,

when X3(K—-1)=1

Timer3(K) = Timerl(K) X X3(K) + Timer2 (K) X X3(K)

Counter{K) =

0 when Counter{ K — 1) = Timerl(K) and X3(K) =0
{0,, when CountenK — 1) = Timer?2(K) and X3(K) =1
Counter{l K — 1)+ 1, otherwise
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-continued
(1, when counten(K) = Timerl(K) and X3(K) =10
0, when counter{X) < Timerl(K) and X3(K) =0
rR) = 0, when counter{K) = Timer2(K) and X3(K) =1
| 1, when counter{K) < Timer2(K) and X3(K) =1

FI1G. 4(A)~FI1G. 4(C) relate to the relationship between the

input reference signal r*(k) and the output synchronous sig-
nal r(k) while the PLL in the present invention operating in the
positive edge tracking amending state; and FIG. 4(D)~FIG.
4(F) relate to the relationship between the input reference
signal and the feedback control signal while the PLL 1n the
present invention operating in the negative edge tracking
amending state

Turning up to FIG. 4(A) now, while the PLL of the present
invention operating in the positive edge tracking amending
state and the input reference signal r*(k) lagging behind the
output synchronous feedback signal r(k—1), after the phase
and frequency detector 2 detects the operating state of the
present invention, a state variable “10” 1s obtained, 1.e., the
positive edge tracking record value Timerl (k) corresponding
to the output synchronous feedback signal r(k—1) 1s relatively
smaller, hence, the positive edge tracking record value
Timerl(k)1s increased by 1. As suggested by FI1G. 4(B), while
the PLL of the present invention operating in the positive edge
tracking amending state and the input reference signal r*(k)
leading ahead the output synchronous feedback signal r(k—1),
after the phase and frequency detector 2 detects the operating
state o the present invention, a state variable “01” 1s obtained,
1.€., the positive edge tracking record value Timerl1(%) corre-
sponding to the output synchronous feedback signal r(k-1) 1s
relatively larger, hence, the positive edge tracking record
value Timer1(%) 1s decreased by 1. As suggested by FIG. 4(C),
while the PLL of the present invention operating 1n the posi-
tive edge tracking amending state, and the input reference
signal r*(k) and the output synchronous feedback signal r(k—
1) varied synchronously, after the phase and frequency detec-
tor 2 detects the operating state of the present invention, a
state variable “11” 1s obtained, which means, the positive
edge tracking amending state 1s completed, 1.e., the mode
detector 3 will change the operating mode of the present
invention to be negative edge tracking amending state and
enter 1ts 1nitial state which has a state variable “000”.

Turning up to FIG. 4(D) now, while the PLL of the present
invention operating in the negative edge tracking amending
state and the mnput reference signal r*(k) leading ahead the
output synchronous feedback signal r(k—-1), after the phase
and frequency detector 2 detects the operating state of the
present invention, a state variable “10 1s obtained, 1.e., the
positive edge tracking record value Timerl (k) corresponding,
to the output synchronous feedback signal r(k—1) 1s relatively
larger, hence, the positive edge tracking record value Timerl
(k) 1s decreased by 1. As suggested by FIG. 4(E), while the
PLL of the present invention operating in the negative edge
tracking amending state and the input reference signal r*(k)
lagging behind the output synchronous feedback signal r(k-
1), after the phase and frequency detector 2 detects the oper-
ating state of the present invention, a state variable “01” 1s
obtained, 1.e., the positive edge tracking record value Timerl
(k) corresponding to the output synchronous feedback signal
r(k—1) 1s relatively smaller, hence, the positive edge tracking,
record value Timerl(%) 1s increased by 1. As suggested by
FIG. 4(F), while the PLL of the present invention operating 1n
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the negative edge tracking amending state, and the input
reference signal r*(k) and the output synchronous feedback
signal r(k—1) varied synchronously, after the phase and fre-
quency detector 2 detects the operating state of the present
invention, a state variable “00” 1s obtained, which means, the
negative edge tracking amending state 1s completed, 1.e., the
mode detector 3 will change the operating mode of the present
ivention to be positive edge tracking amending state and
enters its 1nitial state which has a state variable “111”.

FIG. 5(A) and FIG. 5(B) relate to the wavelorm diagram

for the present invention while being devoid of 1nput refer-
ence signal. At the beginning, while the input reference signal
r*(k) 1s atfixed at *“0”, 1t”s wavelorm variation is 1llustrated in
FIG. 5(A), and while the case of devoid of mput reference
signal r*(k) happening at the positive edge tracking amending,
state, the feedback states of the phase and frequency detector
2 are restricted 1n “00” and 107, therefore, referring to afore-
said FIG. 6, while switching the state variable from “00” to
“00”, the PLL 1n the present invention stays non-functioning.
And while the state variable switches from “00” to “10”, the
positive edge tracking record value Timerl (%) is increased by
1 in the present mvention. Again, while the state variable
switches from “10” to *“10”, the positive edge tracking record
value Timerl(%) 1s also increased by 1 1n the present inven-
tion. Therefore, all relative operations with respect to the
positive edge tracking record value Timerl (%) 1s increased by
1. When the positive edge tracking record value Timer1(%) 1s
larger than the maximum of the positive edge tracking record

value Timerl(%), the present invention will be forced to enter
the negative edge tracking amending state, at this time, the
mechanism of limiting frequency range can restrict the posi-
tive edge tracking record value Timerl (%) in the maximum of
the positive edge tracking record value Timerl (k).

While the case of devoid of input reference signal r*(k)
happening at the negative edge tracking amending state, the
teedback states of the phase and frequency detector 2 1is
restricted 1 “00” and “10”, therefore, referring to aforesaid
FIG. 6, while switching the state variable from “00” to “00”,
the present invention enters the positive edge tracking amend-
ing state. And while the state variable switches from “00” to
“10”, the negative edge tracking record value Timer2(k) 1s
decreased by 1 1n the present invention. Again, while the state
variable switches from “10” to *“107, the negative edge track-
ing record value Timer2(%) i1s also decreased by 1 in the
present invention. Therefore, all relative operations with
respect to the negative edge tracking record value Timer2(k)
1s decreased by 1. When the negative edge tracking record
value Timer2(k) 1s smaller than the minimum of the negative
edge tracking record value Timer2(k), the PLL in the present
invention will insert the minimum into said Timer2(%) and be
forced to enter the positive edge tracking amending state, at
this time, the mechanism of limiting frequency range can
restrict the negative edge tracking record value Timer2(k) in
the minimum of the negative edge tracking record value
Timer2(k). Finally the period for the output synchronous
signal 1n the present invention 1s:
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Timer = Timerl ,, vimum + 11Mer2, .o

( Timerl (K), (B(K) XOR A(K)) =0
Timerl(K) + 1, B(K)=0and A(K)=1
Timerl(K + 1) =< Timerl(K) — 1, B(K)=1 and A(K) =
Timerl, vimum. When Timerl = Timerl,, . vimum
CTimerl,iimen, When Timerl < Timerl,,;imume

when C(K) =

While the mput reference signal r*(k) 1s affixed at *“17, 1t’s
wavelorm variation 1s 1llustrated 1n FIG. 5(B), and while the
case of devoid of input reference signal r*(k) happening at the
positive edge tracking amending state, the feedback states of
the phase and frequency detector 2 are restricted 1n “01”” and
“11”, therefore, referring to atoresaid F1G. 6, while switching
the state variable from “11” to “11”, the PLL 1n the present
invention enters the positive edge tracking amending state.
And while the state variable switches from “11” to “01”, the
positive edge tracking record value Timerl (%) 1s decreased by
1 1n the present invention. Again, while the state variable
switches from “01” to “01”, the positive edge tracking record
value Timerl(%) 1s also decreased by 1 1n the present mnven-
tion. Therefore, all relative operations with respect to the
positive edge tracking record value Timerl (%) 1s decreased by
1. When the positive edge tracking record value Timer1(%) 1s
smaller than the minimum of the positive edge tracking
record value Timerl (%), the present imnvention will insert the
mimmum of the positive edge tracking record value Timerl
(k) 1nto the Timerl (%) and be forced to enter the negative edge
tracking amending state, at this time, the mechanism of lim-
iting frequency range can restrict the positive edge tracking
record value Timer1(%) in the mimimum of the positive edge
tracking record value Timer 1(k).

While the case of devoid of input reference signal r*(k)
happening at the negative edge tracking amending state, the
teedback state of the phase and frequency detector 2 1is
restricted 1 “11” and “01”, theretfore, referring to aforesaid
FIG. 6, while switching the state variable from “11” to *117,
the PLL in the present invention stays non-functioming. And
while the state variable switches from “11” to “01”, the nega-
tive edge tracking record value Timer2(k) 1s increased by 1 in
the present invention. Again, while the state variable switches
from “01” to “01”, the negative edge tracking record value
Timer2(%) 1s also increased by 1 in the present mvention.
Theretore, all relative operations with respect to the negative
edge tracking record value Timer2(k) 1s increased by 1. When
the negative edge tracking record value Timer2(k) 1s larger
than the maximum of the negative edge tracking record value
T1mer2(k) the PLL 1n the present invention will 1nsert the
mimmum into said Timer2(k) and be forced to enter the
positive edge tracking amending state, at this time, the
mechanism of limiting frequency range can restrict the nega-
tive edge tracking record value Timer2(k) in the maximum of
the negative edge tracking record value Timer2(%). Finally the
period for the output synchronous signal in the present inven-
tion 1s:

Timer=Timerl +Timer2

IR LN FROIXTIINLIN

From the aforesaid operations in the present invention, one
skilled 1n the ordinary art can know, when the input reference
signal r*(k) lacks switching but tends to stay at some logic
value “0” or *“17, the positive tracking record value Timerl (k)
and the negative tracking record value Timer2(k) will respec-
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tively be the maximum or the mimimum for the limited value.
While the input reference signal 1s aill

1xed at “0”, the positive
tracking record value Timerl(%k) 1s the maximum of the
Timerl (%) and the negative tracking record value Timer2(%) 1s
the mimnmimum of the Timer2(%). While the 1mnput reference
signal 1s affixed at “1”, the positive tracking record value
Timerl (k) 1s the minimum of the Timerl(%) and the negative
tracking record value Timer2(%) 1s the maximum of the
Timer2(k). Consequently, the behavior 1n the present inven-
tion can be used for establishing a mechanism as a base to
judge 11 the 1slanding effect happens.

( Timer2(K), (B(K) XOR A(K)) =0
Timer2(K)+1,  B(K)=1 and A(K) =0
Timer2(K)—1,  B(K)=0 and A(K) = 1

Timer,avimum, Wwhen Timer2 = Timer2,,ovimum

Timer2(K + 1) =+

CTimer?2, i, When Timer? < Timer?,,:mum-

when C(K) =1

According to the aforementioned of the present invention,
one skilled 1n the art can automatically adjust the phase and
frequency of the input reference signal, and synchronously
generate an output synchronous signal identical to an mput
reference signal 1n frequency and phase. The present mnven-
tion can be also applied to the synchronous signal for com-
munication frequency and phase detection, optical ruler time
transier to time, DC blushless motor driving phase detection,
and distributed-type generator in parallel control’s frequency
and phase.

The ivention being thus aforesaid, 1t will be obvious that
the same may be varied 1n many ways. Such variations are not
to be regarded as a departure from the spirit and scope of the
invention, and all such modifications as would be obvious to
one skilled 1n the art are intended to be included within the

scope of the following claims.

We claim:

1. A tri-state delay-typed phase lock loop, comprising:

a phase and frequency detector, for recerving an input
reference signal, an output synchronous feedback sig-
nal, and a system sampling signal so as to obtain a first
sampling value and a second sampling value according,
to said input reference signal, said output synchronous
feedback signal and system sampling signal;

a mode detector, coupled to said phase and frequency
detector, for receiving said first sampling value, said
second sampling value, a previously sampling operating,
mode signal and said system sampling signal so as to
obtain a positive edge tracking and recording counter
value, a negative edge tracking and recording counter
value, and a present sampling operating mode signal;

a first sampling delay unit, coupled to said mode detector,
for receiving said present sampling operating mode sig-
nal so as to obtain the previously sampling operating
mode signal;

a mode selector, coupled to said mode detector, for recerv-
ing said positive edge tracking and recording counter
value, said negative edge tracking and recording counter
value, and said present sampling operating mode signal
so as to obtain a present operating mode record value;

a plurality of counters, respectively coupled to said mode
detector and said mode selector, for recerving said
present operating mode record value, said present sam-
pling operating mode signal and said system sampling
signal so as to obtain an output synchronous signal;




US 7,825,709 B2

11

a second sampling delay unit, coupled to said counters, for
receiving said output synchronous signal so as to obtain
said output synchronous feedback signal; and

a phase and frequency calculator, coupled to said mode
detector, for receiving said positive edge tracking and
recording counter value, said negative edge tracking and
recording counter value and said present sampling oper-
ating mode signal so as to obtain an angular frequency
signal and a phase signal.

2. The tri-state delay-typed phase lock loop of claim 1,
wherein the mode referred 1n said mode selector comprises a
positive edge tracking amending state, a positive edge ahead
tracking state, a positive edge lagging tracking state, a posi-
tive edge 1nitial state, a positive edge ending state, a negative
edge tracking amending state, a negative edge ahead tracking
state, a negative edge lagging tracking state, a negative edge
initial state and a negative edge ending state.

3. The tri-state delay-typed phase lock loop of claim 2,

wherein 11 the mode 1s set to be said positive edge ahead

tracking state, said a plurality of counters are decreased by 1
tor their values.
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4. The tri-state delay-typed phase lock loop of claim 2,
wherein 1 the mode 1s set to be said positive edge lagging
tracking state, said a plurality of counters are increased by 1
tor their values.

5. The tri-state delay-typed phase lock loop of claim 2,
wherein 11 the mode 1s set to be said negative edge ahead
tracking state, said a plurality of counters are decreased by 1
tor their values.

6. The tri-state delay-typed phase lock loop of claim 2,
wherein 1f the mode 1s set to be said negative edge lagging
tracking state, said a plurality of counters are increased by 1
tor their values.

7. The tri-state delay-typed phase lock loop of claims 3, 4,
5, and 6, wherein the values of said a plurality of counters are
varied by fuzzy control, polynomial function, or exponential
function.

8. The tri-state delay-typed phase lock loop of claim 1,
wherein 11 one of said a plurality of counters stops counting,
logic 1 1s outputted.

9. The tri-state delay-typed phase lock loop of claim 1,
wherein 11 another one of said a plurality of counters stops
counting, logic 0 1s outputted.
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